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(39) In the caaa of propagation through a windy atmosphere I have not 
succeeded in proving that the flow of energy at the front of a wave ia in 
$e @rec.tionpf the ray. The rate of change of momentum seem to be 
in thu duechon. 
(40) Stokes in Phil. mag., London, April 1851. “Math. L phye. 

ppera,” v. 3, p. 142. 
Pasqua in Prometheus, 1903, 14, p. 384. 
Mohn, %I., in Annalen d. Hyd 
Livermore W. R. Report to thxighthouse Board. 
Capstick, in Phil. t p n s . ,  Royal soc., London, 1894, A., p. 1. 

_ _ _ _  -Humphreys, W. J., in h l .  Mt. Weather obsy., Washington, 

raphie, etc., 1892, 1893, 1895. 

von der Borne, G., m Ph akal. Zkhr. ,  1910, p. 483. 

- .  - 
gal, 1899, p. 193. 

A number of papera on remarkable noiaea will be found in the Monthly 
Weather Review, Wsahington, vole. 23, 26, 31, 35, between 1895 and 
1QW. ---. - 

Tynddl, Sound, p. 238. 
Tohnson. A. B.. in Bull., Phil. BOC., Washington; 1881, 4, p. 135; - -  - - -  

ibid., 1883; 5, 23. 
Livermore, k e  ort, 1894; Nature, London, 1895, Aug. 8, p. 347; 

Knowledge, Loncfon, 1901, June. 
(60) According to Price Edwarde (Nature, London, 1902, May 29) the 

silent areas do not occur frequently. Mr. Della Torre auggeated to me 
that they were due to the breaking up of the sound by local eddies or 
whirlwinds. 

(61 Tyndall in Proc. Royal BOC., London, 1882, 34, p. 18. 
(621 Fowle, fi. E. in Nature, London, 1895, Nov. 7. 
(63) Rayleigh, in hoc. Royal instit., London, 1902,17, p. 1; Nature, 

London. 1902, 66, p. 42; “Scientific papers,” 5, p. 1. 
(64) Tyndall gives a diagram of this siren trumpet in his “Sound.” 

Numerous suggestions with reprd to the moat suitable pitch and loca- 
tion of a fog ai nal are given in Henry? Researches, 1 ~ .  Livermore’s 
report, and in &e article LLLighthousea in the Encyclopedia Britan- 
nica. 

(65) Henry, Researches, p. 480; Ribigre, International maritime 
congrees, London, 1893. 

(66) Enc clopedia Britannica, article I‘ Lighthouses.” 
(67) RaYT e@, Scientific Papers, 5, l .  A mushroom-ahaped trumpet 

is often used on lightships. 
(68) -4n account of theae experiments on the Isle of Wight is given 

in Nature, London, 1902, May 29. 
(69 Flammarion. The Atmosphere. London, 1873, p. 175. 
(701 Abbe, Cleveland. Re ort, in Bull. Phil. soc., Wmhington, 

1877, p. 139; Peck, H. A.? in Lid., 1907, 35, p. 447. 
(71) The possibility of interference waa pomted out by E. Mach & 

B. Doss, and waa regarded by them aa an objection to C. Abbe‘s 
the0 (See Berichte. K. k. Akad. d. Wiasensch., math.-phyaikal. 
RJ.,%A, Wien, 1893, 102.) 

(72) Boys, C; V., in Re ort Brit. moc. ndv. xi., 1892; Nature, 
London, 47, p. 415-420, 44844k 

(73) Mallock, A., in Proc. Royal soc., 1907, A79, p. 262. Bop% 
ex erimenta have also been dkcuased by Stokes, Memoir and men- 
ti& corre oudence, 2, p. 337457. 

(74 Mzock, A., in Proc. Royal POC., London, 1907, AEQ, p. 110. 
(751 See, for indance, G. von Riessl in Berichte, K. k. Akad. d 

WiRaensch., math.-physikal. Kl., I IA,  Wien, 1896,105,p. 23, aud 1912: . .  . . -  . 
1211, p. 1883. - 

In the case of the great meteor of Se tember 23, 1910, 0. Michalke 
heard about a dozen detonahone of digerent strengths, two or three 

being very loud. Another obeerver heard a detonation like that of a 
distant gun followed immediately by a roll in the cloude, the mound 
appearing to come from an approachin region. The noise was quite 
diiferent and much louder than that ofthunder. 

The noises mentioned by J. Burton Cleland and H. L. Richardeon 
in letters to Nature, London, 1908, June 4 and August 27, were perhaps 
due to a meteor. 

THE MECHANICS O F  ATBXOSPHERIC A T  WITHIN 
CYCLONES AND ANTICYCLONES. 

[Communlrated to the Internatrml Meteomloglcsl Congress at Chicago, August, 1SeO.l 

By Geh. Hofrat Prof. Dr. MAX M ~ U E R .  
[Dated Herzogl. Teehn. Hochschule, Brauaschweig, May, 1893.1 

A. THE DIRECTION OF ROTATION AND THE DISTRIBUTION 
OF PRESSURE. 

. ;/ ;”.:’/. 5 - I  , 5 1, !?/* 1 c - I --, .‘ 
I ..I 

By a cyclone we understand a whirling mass of air 
whose rotation, in the Northern Hemisphere, is amom- 
plished in a direction opposite to that of the movement 
of the hands of a watch; by an anticyclone, on the other 
hand, we mean B whirling mass of air whose rotation, in 
the Northern Hemisphere, corresponds to the movement 
of the watch hands. 

In  the Southern Hemisphere the conditions are re- 
versed. In the center of the cyclone low pressure always 

revails; hence the cyclone is often spoken of briefly as a 
Xepression. In the center of the anticyclone high atrnos- 
pheric pressure generally prevails; hence this is often 
called a high pressure or maximum. However, there are 
also anticyclones with low pressure in the center; but 
this occurs only when the diameter of the anticyclone is 
small relatively to the strength of the wind (compare sec- 
tion 15 hereafter). 

In  the ultimate analysis the movements of the atmos- 
phere are almost exclusively produced by differences of 
temperature: they are, however, so affected by the influ- 
ence of the inertia of moving masses of air and so hin- 
dered by friction due to mutual mixing of masses of air 
that a study of these numerous relations must first be 
undertaken in detail before we can successfully proceed 
to the eqdanation of such complex natural processes. 

According to the theoretical investigations of our mas- 
ter, the late Prof. Ferrel, in the field of the discussion of 
atmospheric whirlwinds, we have to distinguish many 
kinds of cyclones and anticyclones. 

E. THE THREE KINDS OF CYCMNEB. 

(a) We have to mention first the cyclone with descend- 
ing air and a cold center aa it is resented to us in general 

also the cold zone, and produces the westerly trade, 
namely, the strong west wnds of the “roaring forties.” 

Other exam les of depressions with descending air CUP 
rents have also\een observed. Thus, for example, on April 
13, 1893, two depressions of this kind rested u on western 

of descending air in this de ression or c lone was shown 

of any consi%erable precipitation, especially by the fact 
that clear sk prevailed ip the region of the strongest 
winds; second and most important of all, the circum- 
stance that at more than 20 European stations at that 
time the northwest and northeast winds showed no inflow 
into the depression, but moved parallel to the isobara or 

assed from the region of feeble pressure over to that of 
Kigher . 

in that whirl which surrounds t Yl e temperate, and partly 

Russia and the Baltic Sen, respectively. !& e presence 

first by the reat dryness -0 P the air an8by the absence 

1 The resent paper was prepared for publication & 1SCn but blication haa bmn 
delayed fm the reasons stated in the REVIEW for February, iD14,4g93. 
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But these depreasions were not wholly without cloud 
and precipitation, since by reason of friction on the 
rou h ground the whirls in the lowest strata were en- 

depression and its ascent of air directly at the earth’s 
surface up to moderate or at least slight altitudes. At 
the same time cloud and precipitation occurred in those 
portions of the whirl where for other reasons the air pos- 
sessed a smaller wind velocity. 

(b) Second must be mentioned those regions of cy- 
clonic motion with decided descending currents that are 
distinguished by abundant precipitation and possess a 

ly defined center than the depressions men- 
more tioned un er (a) and which when they show a small 
diameter can assume the form of tornadoes or water- 
spouts. 

(c) Third, we mention the cyclones that have on one 
side ascending currents of air and on the other side 
descending. 

feeb gi ed, end hence introduced a local flow of air into the 

C. THE THREE KINDS OF ANTICYCLONES. 

(a) The anticyclones havingdescending air currents and 
high pressure in the center surrounded by isobars as 
nearly circular as possible, ?e surrounded by the ascend- 
ind air cuvents of cyclonic areas of depression whose 
masses of air flow overhead to the anticyclone in the anti- 
cyclonal manner. 

(b) The anticyclones with ascending air currents rarely 
occur as depressions, but this can occur when they have 
small diameters. 

More frequentl anticyclones with ascending currents 

case at the beginning, when the development of the anti- 
cyclones is in its first stages. In such cases the air flows 
anticyclonally toward th! anticyclone from any depres- 
sion m the lowest or median altitudes. 

(0) The anticyclones with air currents nscendin on o m  

high ressure between two cyclones, one of which has 
ascen%ing and the other descending currents of air a t  
the center. 

occur as areas of x igh pressure, and especially is this the 

side and descendtn on the other but horizontal at t 1 e sum- 
mit. An anticyc 9 one of this character forms a zone of 

D. OURRENTS OF INFLOW AND OuTbzoW. 

Those currents are designated as feeders that bring 
air to a cyclone or anticyclone. Those currents are 
designated as outflows that carry air away from the 
region under investigation. A storm that represents a 
region of outflow forms also a feeder for the neighboring 
regions. By means of the streams of inflow and outflow 
the moment of rotation of the whirling region becomes a 
cyclone or an anticyclone. 

E. TEE MOMENT OF ROTATION OF A MASS OF AIR IS INDE- 
PENDENT OF THE MAGNITUDE OF THE QRADIENT. 

In the following text the moment of rotation of any 
mass of air is taken with reference to the center of cur- 
vature of the isobars and to a system of axes at .this 

. central curvature and which move with the rotation of 
.the earth’s surface; hence we are ivestigating not absolute 
but relative air velocities, that is to say the winds. 

It can not be made too clearly promment that every 
whirl, whether of the cyclonal or antic clonal form, when 

of the moment of rotataon pro er to it and that the loss 
thus arising can in no way {e balanced by the work 
done by the gradient force. 

in contact with the rough surface of t K e earth loses some 

The to td  work done by friction in the direct-ion of the 
rotation of a whirl, or abstracted from the whirl, is 

‘espressed in the contrast of the amounts of the moment 
of rotation of the feeders and the outflows as soon as e 
steady condition of motion has been established. The 
rate of loss of moment of rotation per second induced by 
friction is equal to the difference of the quantities of 
the moment of rotation of the streams with reference to 
the center of the whirl, if we consider this latter as the 
center of the rotation. 

If now the moment of rotation of the inflow, namely, 
the feeding stream!, is of such eminent importance to 
t-he whirling system that it decides whether a whirl shall 
be a cyclone or an anticyclone; and if furthermore the 
work of the frictional resatances a t  the rough surface of 
the earth partially and steadily diminishes this moment 
of rotation, then we see the importance of those studies 
that have to do with these relations m d  with the motion 
of the upper currents of air. 

Our subsequent investigations of these mattem assumes 
a knowledge of certain ausiliary theorems of the theo- 
retical doctrines of motion or dynamics which will now 
be enumerated and occasionally explained by applicac 
tions. 

F. THE MOMENT OF ROTATION WITH REFEEENOE TO THE 
GRADIENT FORCE AND THE FRIOTION. 

AUXDXAEY THEOEEYB, GROUP I. 

(1) The moment of rotation of any m m  is not changed 
by the work done by the force due to the radial gradientg. 
The demonstration of thiv theorem follows directly from 
the recognition of the fact that gradients are only the 
interior tension of the whirling system by which neither 
the center of gravity of the system is altered nor is the 
monient of rotation of the mass increased or diminished. 
From this there also follows directly the law of areas, or 
the law relative to the conservation of the moment of 
rotation whose application leads to the above theorem. 

(2) The moinent of rotation of a moving mass ir dimin- 
ished by tho component of frictional resistance tangen- 
tial to the direction of the circumference of the circle, 
pamely, in the direction of the isobars. 

(3) The effective force of a radial gradient can not 
again replace the loss of moment of rotation produced 
by frictional resistance, since according to Theorem (l), 
the effective force of a radient can neither increase nor 

(4) In so far as a whirling system continually lose its 
moment of rotation by friction on the rough surface of 
the earth, but still continues its further rotahon undimin- 
ished and therefore has a state of stead motion, it fol- 

from some other source compensates for the loss of mo- 
ment of rotation due to friction. Now the system can 
receke no gain in moment of rotation, either from above 
out of the free interplanetary space or from below, and 
the forces due to the gradient are also excluded from 
consideration because they arise from the internal 
tension of the system, therefore we must recognize that 
the total work of friction which is done in the dimtion 
of the rotation, must be derived from the moment of rota- 
tion of the feeders themselves or the inflowing currents. 

diminish the moment o f rotation. 

lows that a steady gain of moment o 7 inertia coming 

Applications under Group I. 

(5) The lar whirl of the temperate latitudes that 

it, and also attains a magnificent development in the 
gives rise to t T e westward trade, or is conditioned by 
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Southern Hemisphere suffers cont.inual loss of rotary 
motion b reason of friction on the rough surface of the 
globe. &e whole of this loss is entirely balanced by 
the moment of rotation of the feeders that flow inward 
&B the upper westerly trades at high altitudes from the 
equator toward the polar regions. The work done by 
the meridional grahent force in this respect is zero 
if we examine it with mathematical exactness. 

In so far as we must, in  a special case, assume a velocit 
of zero for the wind component above the belt of hig 
pressure in the direction of the circle of latitude, to 
that same extent must the whole whirl of the temperate 
and cold zones disappear; retarded by friction it must 
gradually come-to rest or be broken up into regions of 
east and west mnds. 

g 

gravity (i. e., the mass, m, 
per second in velocity) 
increase per hecond of 
plied by its velocity, v, so that we have the formula 

R = vdm. 

Applying this formula to whirling inotions we replace 
the quantity of motion by the moment of rotation and 
have 

Rr = vr,Am 

or, since r is variable because the friction affects every 
circular zone within the whirl, we have 

JdI2.r = V T , A ~ .  

In the application of this formula it is to be remembered 
that a steady condition of motion is assumed, that dm 
indicates the mass added b feeders per second, 
v is the com onent of the of the feeder in the 

friction in kilograins 
that the west wind experiences per unit element of the 
surface of the base of the whirl. This equation further 
assumes that the outflowing stream has no moment of 
rotation. 

In BO far as the outflow, i. e., the return stream toward 
the hot zone, also appears in the form of a west wind 
or in our hemisphere a northwest wind, and in so far RS 
there also occur in the cold zone local easterly winds for 
which we have to substitute the negative sign before 
the wind velocity we arrive at the following general 
theorem : 

(7) In steady motion the difference between the 
momente of the momenta of the inflowing and outflowing 

direction of t E e west mind, 

streams is equal to the difference of the moments of 
friction roduced by west and east winds within the ays- 
tem un cp er consideration. 

The following equation holds good: 

I n  this equation Am,v,r, indicates the moment of the 
momentum of the feeder which brings the small mass 
A,m, per second within the whirl and adds it to this 
system. The quantity d.m2v,r2 represents the moment 
of the momentum of the outflowin stream in so far 

inflowing stream. If the outflow rotates with the earth 
as an east wind, while the inflow blows as a west wind, 
then the sign changes from minus to plus. The expres- 
sion JdR, gives the inonlent of friction of the west 
wind; the espression JdR,r, gives the moment of friction 
for the east wind. 

For systems the centers of whose whirls do not lie at 
the pole we substitute in the place of west or east wind 
the component of motion of the rotation to the right 
or left around the center of the whirl of the system. 

(8) In  so far as no moment of rotation is communi- 
cated to a system by the difference of the moments of the 
quantitie.9 of motion of the inflowing and outflowing 
currents, because the feeders show no whirl or the in- 
fluence of the two currents annul each other, it follows 
that so far as a permanent steady condition is brought 
about the influence of the friction on their moments is 
nothing. 

as this has the same direction as t % e moment of the 

Therefore we have the following equation: 

In  this case the whole system is to be considered as 
divided into regions of opposite rotations whose momevts 
of friction are equal to each other but have op oslte 

as regards the east and west winds and so far. m small 
cosmc influences, as yet unlmown to us, do not mtroduce 
variations in the moment of monientum of the whole 
terrestrial atmosphere. 
During this steady condition the moment of friction 

of the east winds for the whole earth is equal to the 
moment of friction of the west winds. On this point 
Ferrel (2) says: 

“It is evident, however, that the east and west motions 
of the atmosphere a t  the earth’s surface must be such 
that the sum of the resistances of each art of the earth’s 
surface multiplied into its distance P rom the axis of 
motion must e ual 0, else the velocity of the earth’s 
rotation * * 2 ,~  

(9) The location of the belt of high ressure that sepa- 
rates the region of east and west tra 8 e winds, accordmg 
to theorem (8) is dependent to a very great extent on 
the distribution of land and water. If in the neighbor- 
hood of the pole there occur an extended continent, where 
there€ore the earth’s surface is rou h, then the rwon of 
high pressure moves nearer the po P es. Asia presente an 
example of this shifting. 

If n rough surface occurred only in the neighborhood 

quite of the pole, while the rest of the earth’s surface is 
smooth, so that frictional resistances were excluded mm 
consideration in lower latitudes, then in this 
the region of east winds would extend from 
to the neighborhood of the pole and cover 

signs. The whole atmosphere is subject to this con f; ition 

of the rough polar surface. At the pole itself and above 
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the rough land surface there would form a small cyclone 
of west wind. Almost the whole mass of th_e atmos- 
phere would flow to the pole. 

The oft-repeated attempt to compute the location of 
the zone of high pressure between the east and west 

the effect of friction is a labor trades without kno 
that has no rospect o success. It is not to be encour- 

confused such readers of this class of memoirs as ave 
not yet dee ly studied the nature of the problem. The 
works of d r n e r  von Siemens, although they should be 
thankfully accepted as stimuli, have unfortunately 
o erated in this injurious manner. Notwithstanding 

clusions contamed in his memoirs, they still have e r m e  
nent value on account of many correct fundamenta P ideas. 

(10) Were the whole surface of the earth in eneral 

fand area extendmg around the earth in but one hemi- 
sphere or even one single island existinf therein,. would 
suffice to  determine the distribution o the regons of 
cplonic and anticyclonic atmospheric motions over the 
whole surface of the earth. 

(11) The theorems here deduced for the general circu- 
lation of the atmos here also hold good, without great 

(12) If the equatorial zone were rough, but the remain- 
ing surface of the earth perfectly smooth, then almost 
the whole mass of the atmos here would draw toward 

air. %e belt o?&h pressure would almost coincide 
with and be narrower than the zone of rough land. The 
form of the atmosphere would approach that of Saturn’s 

?f 
Pte aged, has le $ to very deceptive conclusions,. and 

t f L  e imperfect preseptations and numerous erroneous con- 

erfectly smoothl nevertheless a narrow zone o P rough 

changes, for all sma R er cyclones and anticyclones. 

the e uator, the ole being le P t almost wholly free from 

*. 
B. TEE FOBYATION OF THE BBADIENTS DEPENDENT ON 

INERTIA. 

AUXILIARY THEOREMS, QROUP II. 

(13) Air that moves freely in an inertia curve deflects 
neither to the right nor to the left from its orbit and 
therefore produces no pressure gradient perpendicular to 
the direchon of its motion. 

(14) Air currents that are forced to deviate to the 
right from their inertia paths produce higher pressure 
on the left hand or a pressure gradient directed toward 

ht perpendicular to the inertia path; conversely 

to the left. 
for the de 3 echon to the left the pressure gradient is directed 

App~kut ions  under Group II.  
(15) The inertia path shows in the Northern Hemi- 

sphere a deviation to the right whose value per second in 

2w sin 4, so that in 12 - hours a curve somewhat like 

a circle will be described. 

1 
9 

The following equation holds good, 
1 2 ~ ~ = 0 X 1 2 X 3 6 0 0  - sin 4 

in which r indicates the radius of curvature of the curve 
of inertia, and v the wind velocity [i. e., relative to the 
earth’s surface. EDITOR.] 

e, 12x3600 r = - .  
8111 4 2x3.14 
6880 .v w r=  

For 4 = 50’ and Sin 4 = 0.766 we have r -  886oU, 
whence are derived the values, 
when v =  1 meter, r =  8.86 kilometers. 
when ZI = 10 meters, r=  88.60 kilometers. 
when v-50 meters, r=443.0 kilometers. 
When a wind of 1 meter per second velocity is forced 

to describe an anticyclonal path whose radius of curva- 
ture is smaller than 8.86 kilometers-or when a 50-meter 
wind is forced to describe a path whose radius is less than 
443 kilometers there occurs the remarkable fact that in 
the center of the anticyclone a diminution of ressure is 
established. In  this case the anticyclone g ecomes a 
barometric depression. 

Local whirls, waterspouts, and many tornadoes offer 
examples of this sort of depressions-in which the rota- 
tion of the air is occasionally anticyclonal. 

It is also to be remarked that in consequence of devia- 
tions of currents from the inertia path, all gradients a t  
any altitude whatever possess full activity upward and 
downward. On the other hand, a storm occurring at  any 
altitude in general and also a t  the bottom of the atmos- 
phere will produce no gradient pe endicular to its move- 

undisturbed. 
(16) The stronger the wind blows anticyclonall in a 

region of high atmospheric pressure, by so muc% the 
larger is the minimum radius of curvature of the isobars 
of that anticyclone. 

(17) When the radius of curvature of the central 
isobars of an anticyclone with high pressure in the center, 
is zero it presu poses calm (in that region). Therefore 

prevail, for when calm does not prevail in the center of 
the anticyclone there arises there a low-pressure anti- 
cyclone, i. e., a depression with anticyclonal movement. 

ment when the air within it fo ?i ows an inertia path 

near the centra f part of a high-pressure anticyclone calms 

H. OX CONTRACTION AND DIVERGENCE OF WIND CURRENTS. 

AUXILIARY THEOREMS, OROUP IlI. 

(18) A current of air that suddenly passes from a region 
of strong gradients into a region of feeble gradienta de- 
scribes approximately an inertia-path in this passe e 
At the same time the gusts of wind previously p a r a h  
begin to describe convergent paths, so that in the midst 
of the current there is an accumulation of air and an 

the lefbhaud jet is first deviated and the jets on the %ht 
hand of it, parallel to it deviate subsequentl , there anse 

along their axes. 
divergent rays that produce a groove of 9 ow pressure 

A p p l k t w n s  under Group III .  
(30) On the front of a depression advancin from west 

to east there blows a stroa south wind. By t I e progress 
of the depression eastwarf the gradient changes (at any 

oint) with the ptlssa e of the depression; in the Northern 
gemisphere the gragent on the right-hand front of the 
depression turns toward the right hand. Near the center 
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of the depression this turn takes place with a greater 
velocity than corres on& to the ex ression 2w sin 4. Con- 

completes a turn to the right that is completed quicker 
than corresponds to the inertia-path. In  this act there 
occuw the contraction phenom!na described in section 
(18). The chan e of barometnc pressure clearly shows 

the oint and the movement change in direction of the 
winb: Here occurs the well-known sudden rise of pres- 
sure of from % to 2 millimeters which is observed 
at every sudden change in direction of the wind in the 
direction of the curve of inertia and especially during 
thunderstorms. The air thus t e m p o r d y  conipressed 
below expands upward and favors the formation of 
sudden heavy rainfalls of short duration. 

In  this s ecial case the phenomena here described are 

es eciall because the deviation to the right here of the 
le P B  t-han streamers first and the right-hand last increases 
the convergence of the jets. 

The meaning of thg convergence and divergence of t,he 
u er and lower mnds is re orted on in the work: 
‘%ziehungen, etc., [Relation %etween the upper and 

lower winds of a depression and the cloud fornu resulting 
therefrom]” in Annalen der H drogra hie und maritim- 
en Meteorologie, Jhrg. 1882, dit iv, 8erliu 

Siniilarly it has been shown that the behavior of the 
electric and magnetic attractive and repulsive forces is 
to be referred back to the results that arise when wave- 
like rays possess diverging or converging directions. By 
the study of these processes thwe o ens up to us a clear 
view of the dynamic properties o P the etherial forces 
known as electricit and magnetism. Thus that elastic 

effech as a process in space, but which ha not yet been 
analyzed into its details, is now set forth before us. 

The final resulta agree exactly with the results deduced 
by Maxwell-these deductions are given by me in my 
book (3) on electricit and magnetism. 

Theoretical hysics %as hitherto given but little atten- 

fluid motions but these rocesses are of the highest 
importance in studying t R e relations existii?g between 
dynamic and static pressure, atid that, too, much so 
in reference to the movements of material systems as in 
movements of the ether iBelf. 

Of course, it is known to me that other theories have 
also been advanced endeavoring to ex lain t8he tenipo- 

the occasion of sudden changes in the direation of the 
wind, but I believe that I can refute all such theories 
so far as they are as yet known to me. 

(21) The up er winds flowing poleward at  preiit alti- 

to the deflecting force of the earth’s rotation, which at  
k t  at the equator has the value of zero. These upper 
winds move under conditions similar to those for the 
south wind described in section @ O ) ,  only in this case it 
is the poleward progress of the current in tlie higher 
latitudes that causes a bend in the inertia path, thereby 

roducing a convergence of the currents. The accumu- 
ration thus produced in consequence of the convergence 
of the inertia-curves develops upward and, in opposition 
to the conditions described in section (20), now causes a 
com ensating current directed downwards, corresponding 
to ti 0 rainless weather of the dry zone. 

sequently the winfthat  previous P y blew from the south 

the advance of t I e zone of pressure that must form a t  

intensified % y the relations mentioned in section (19), 

% strain that Farra 2 ay and Maxwell reco nized by its 

tion to the p g enomenn of suction and obstruction in 

rary rise of the pressure during thun a erstornis and on 

tudes from the l) owerlatitudes, are in their progress subject 

These rocesses are described by me in the memoir 

niederen und hoheren Breiten [The interchange of 
atnios heric air between lower and higher latitudes.]” 
(Aus lern Archiv der Deutschen Seewarte, Vol. X, 1887, 
No. 3) and especial1 on pages 14 and 15 of that niemoir 
are these submitte J to a special computation. A short 
extract from this memoir is also given by Frank Waldo, 
in his work “Modern Meteorology,” on pages 311-315 
with a late. 

E. &rrmann’s notice of niy analysis (Met. ZtschT., 
April, 1S93, 10. Jhrg., 132) is, unfortunately, mislead- 

for the convergence of the inertia-curves. The former 
acts in the same direction but much more feebly than 
the latter. He has not appreciated the finer points of 
my investigation. 

Weber B en Kreislauf atniospharischer Luft zwischen 

ing. He substitutes t. R‘ e convergence of the meridians 

I. PROOESSES THAT DO NOT CORRESPOND TO THE STEADY 
CONDITION. 

AUXILIARY THEOEEM8, QEODP IV. 

(32) In  so far as an outflow above and an inflow below 
is set up within a previously quiet region by means of a 
warming a t  the central reginn, C, there is formed a 
cyclone below and an anticyclone above, but the latter 
immediately forms an eye a t  the center above C, where 
cyclonal motion has been established. Therefore the 
upper anticyclone fornls only a ring in whose interior a 
cyclone occurs, which latter ex ands in proportion aa air 

motion and imparts c clonal rotation to the upper layer. 

work, they are directed only toward the’moment of rota- 
tion. The upper ring of air en- 
dowed with anticyclonal motinn,.widens and wherever it 
passes over a region on the earth it temporarily influences 
the weather and the wind. 

(23) When a depression coming from the ocean turns 
toward a continent, the whirl w111 in its lower part be 
enfeebled by the rouwhness of the land. At once thore 
develops within the aepression an active inflowing and 
ascending current of air, so that heavy precipitation falls. 
Furthermore, cold air is often carried upward in this case, 
whereby the depression receives a further enfeeblement 
or even complete dissolu tic in. 

(24) In  the develo])ment of a regkn of high pressure 
the air must flow inward anticyclmally, by reason of 
which tlie anticvclone shoulcl show a longer duration than 
the cyclone. The anticyclonic feeder can flr,w into tlie 
anticyclone either above, froin a depressinn with ascend- 
ing air currents, or below from a depression with descend- 
ing air currents. In the latter case, this process of the 
development of tlie antkyclone is connected with pre- 
cipi tation. 

0 5 )  In  so far as the cnlumn of air cools at  the center 
C, the upper air flows cyclonally from all sides toward the 
center C. On tlie other hand, a region of high pressure 
derelo s below in proportion as the upper air flows 
inwar4 furthermore, there develops below an anticy- 
clonal outflowing movement of the air. The upper 
cyclone that has developed abope the antiayclone, estends 
downward to the lower strata in proportion as the lower 
anticyclonal-moving air flows away and is replaced by 
air in c clonal motion. The area of high prepsure in the 

nses from below to the top, an x is endowed with cyclonal 

In  this connection t r le gradients (of pressure) do’not 

(See theorem No. 1.) 

anticyc 9 one flattens out and local depressions form where 
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the air descends most decidedly from the upper layer. 
The anticyclone is now arrived at the process of dissolu- 
tion. 

K. CONCLUSION. 

(26) The literature of the past 10 years [1883-18923 
contains -numerous espressions of opinion that are op- 
posed to the laws of atmos heric motion; we may infer 

Too seldom do the mathematicians describe the process 
that they propose to submit to calculation. The whole 
presentation of the subject under computation may be 
erroneous or at least imperfect. The reader is not 
always able to determine to what extent the results of 

tha t  the readers have there i: y been led into error. 

of his analysls. 
It is to be considered that the transportation of a kilo 

gram of air from the region of the pole to that of the 
equator or conversely, assumin the velocity of the wind 

expends an amount of work or absorbs an amount of 
work equal to about 20,000 kilogram-meters.; so that the 
air commg from the equator transfers its kinetic energy 
or its moment of rotation to the air flowing in the oppo- 
site direction, ,either b direct processes of mixture of 

the c clones and anticyclones, and therefore by the ten- 

the ground and the air. I n  Ferrel’s theories the very 
important processes of misture of masses and tlie 
interchange of moments of rotation are scarcely men- 
tioned, and therefore Ferrel’s theore tical deductions give 
such large wind velocities and such slight values of the 
atmospheric pressure a t  the poles. 

The solution of problems m dynamic meteorology are 
still always mere1 partial solutions that are only appli- 

tions. Therefore the numerical values thus obtained 
should not be considered, either b the mathematicians 
or the reviewers, as “refined god’’ since thereby the 
theory would be brought into discredit. 

Em iricistsare inclined tore’ect not only the recognized 

good ideas on which these are based. 
Hitherto theory has dealt too little with numerical r e  

sults; we have been satisfied with the deduction of for- 
mulae and therefore have not learned the useful applica- 
tions of theory so quickly as would have been attained by 
more frequent execution of numerical calculations. In  
general, meteorologists themselves do too little observing. 
They know only so much of the weather processes as the 
observers communicate and in1 ortant details remain un- 

esses can be obtained in this way. 
The details of the theory of vortex motions, so far as 

they have been thoroughly developed in mechanics for tho 
construction of turbines and centrifugal pumps and blow- 
ers, are too little known to meteorologists. At the present 

to be zero at the beginnmg an % the end of the tranbfer, 

masses, or by means o 9 friction on the rough ground in 

sion 9 rom west to east arising from the reaction between 

cable between de L ite limits and under special assump- 

impe 2 ect numerical results o i any theory, but also the 

recognized. No clear connecte i view of the weather proc- 

time we frequently find in meteorology efforts to establish 
new theoretical relations that have already been ex- 
pounded with erfect clearness in practical mechanics. 

struction (‘‘Stau- und Sauge-Vorgiinge”) are not suffi- 
ciently studied by meteorologists and physicists, nor the 
conditions, circumstances, and extent to which work is 
performed or prevented in the atmosphere. 

From the above esposition it follows that the mechanics 
of c clones and anticyclones stands in close dependence 
on t%e work of tho late eminent mathematician, William 
Ferrel; but can now be best furthered by simultaneous 
thorough consideration of the processes in space (vix, 
geo raphic) and by personal observation of all the details 

portant synoptic weather charts and telegraphic weather 
re orts. 

Bersonal studies of this kind are, however, prevented 
b want of time and the modern system of the subdivision 

single person to attain a general oversight of the whole 
subject. A subdivision of work is indeed demanded in 
the interests of a successful service in every meteorological 
institution; however, it should not be pushed so far that 
a meteorologist is prevented from the esecution of per- 
sonal observations or is robbed of the time needed to en- 
ablehim to become well rounded in theoreticalresearches. 

At the present ’time t % e development of the science of 
meteorology is directed too strenuously toward the sub- 
division of labor.’ We imaginc that by the increase of 
ordinary observational data we may gam a general over- 
sight of the subject. In  reality, the labor applied to ordi- 
nary statistics and the conduct of the general service is 
thereby so reatly increased that there is no time or 

One’s interest is too much diverted from the considerstion. 
of the weather phenomena as a whole, and also from im- 
portant details, such as the observation of the clouds and 
the method of formation of falling rain. 

These defects, duo to the unavoidable necessity of the 
subdivision of labor, are on1 to be overcome by the 
freest personal interchange olviews, in order that the 
labors of many assistants may be made most profitable 
and productive by practically skillful, well-directed, and 
liberal-minded administration. 
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THE HALOS OF NOVE-ER 1-9, 1913. 
[Translated from Annualre, Soc. m8t8arologique de France, mai, 1914.1 

Mr. LouiS Besson offered a communication way 5, 
19141 on the oblique arcs of the anthelion. Thiv phe- 
nomenon, one of the rarest connected with unusual halos, 
has been seen two days in succession in the United Stated, 
November 1 and 2, 1913. 


